CM 
< 

in 



CO 



Q. 
LU 



(19) 



J 




(12) 



EuropSisches I 
European Patent Office 
Off ice europten des brevets (11) EP 0 980 165 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

16.02.2000 Bulletin 2000/07 

(21 ) Application number: 991 1 571 4.0 

(22) Date of filing: 09.08.1999 



(51) Int. Cl7: H04L 12/40. B60R 16/02 



(84) Designated Contracting States: 


• Kruecken, Joachim 


AT BE CH CY DE DK ES R FR GB GR IE IT LI LU 


81927 MQnchen (DE) 


MCNLPTSE 


• Pigott, John M. 


Designated Extension States: 


Phoenix, Arizona 85044 (US) 


AL LT LV MK RO SI 


(74) Representative: 


(30) Priority: 13.0ai 998 US 133226 


Gibson, Sarah Jane et al 


Motorola 


(71) Applicant: MOTOROLA, INC. 


European Intellectual Property Operations 


Schaumburg, IL 60196 (US) 


Midpoint 




Alencon Link 


(72) Inventors: 


Basingstoke, Hampshire RG21 7PL (GB) 


• Schulmeyer, Peter Hans 


Austin, Texas 78733 (US) 





(54) A method for initializing a distributed control system 



(57) A method and apparatus for assigning unique 
addresses to each generic "node" in a distributed con- 
trol system that contains a main controller (52) coupled 
to a plurality of generic nodes (54) via a distributed com- 
munication bus (55). The main controller (52) provides 
currents and/or voltages to the communication ixis (55) 
via a supply (58). In one embodiment, each node (54) 
processes the current and voltages to store reference 
voltages and distance voltages proportional to its dis- 
tance along the communication bus (55). In another 



embodiment, each node (54) signals to the main con- 
troller (52) when the distance voltage reaches a certain 
value relative to the reference voltage. The main con- 
troller (52) processes the arrival times of these signals 
to determine a relative distance to each node (54). This 
distance information is used to assign a unique address 
to each generic node (54) for kientification during nor- 
mal mode of operation. 
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Description 

Field of the Invention 

[0001 ] The present invention relates generally to dis- s 
tributed command and control systems for use In trans- 
portation, and more particularly to. a process for 
assigning unique addresses to each generic "node" in a 
distributed control system that contains a plurality of 
generic nodes coupled to the same distributed oommu- 10 
nication bus. 

Background of the Invention 

[0002] In the transportation industry a common prob- is 
lem is that a distributed communication bus system may 
be electrically connected to many generic nodes. When 
a distributed communication bus interconnects many 
generic nodes, it is difficult to assign a unique address 
to each node within the distributed system. Due to the so 
difficulty of uniquely addressing many generic nodes 
intercoupled together, many electrical systems within 
transportation applications individually program each 
node or component before placement within the sys- 
tem. By changing each IC or node before placement 2S 
into the system, each node can be uniquely identified 
easily, but such advantage comes at a cost. When 
devices are programmed with an address before 
assembly, human enor may result in the improper 
placement of a device programmed as "Device A" into 30 
an improper location intended for a "Device B" whereby 
faulty operation can occur. This faulty operation may not 
be capable of easy and cost-effective testing, as is the 
case for the testing of airbag systems in an automobile. 
In addition, the overhead for keeping track of individually 3S 
addressed parts before assembly can t:>e cumbersome. 
For exanple, assume that sixteen generic parts are 
desired in the same communication bus system. If 
these sixteen parts are generic, then all sixteen parts 
may be catalogued, stored, and used as one inter- 40 
changeable part. If an Individual tag must be applied to 
each of the sixteen generic parts, then the process of 
storing, reusing, repairing, replacing, and assembltng 
the systems becomes much more cumbersome and 
prone to human error. 4S 
[0003] As an alternative to uniquely tagging parts 
before assembly, one may use uniquely configured 
sockets or physical interconnects for the parts to make 
each generic part uniquely identifiable. While different in 
form from the above pre-programmed solution, the dis- so 
advantages and risks are the same. 
[0004] AHernatively. a distributed communication bus 
system may be avoided in favor of a point-to-point com- 
munication system where each of N nodes is directiy 
coupled to a cental controller by a respective one of N ss 
different and mutually exclusive conductors. This 
ensures that each node can be uniquely accessed: 
however, tiiere are many disadvantages to this 



approach. These N conductive interconnects can 
qti:Ckly become cumbersome within a transportation 
design, and the costs of such design may be prohibitive. 
The added interconnection of additional wire will signifi- 
cantly add to the weight of the system or automobile. 
The interconnection density in an automobile chassis is 
limited and t)etter dedicated to other more important 
functions. In addition, N connections may need N pins 
on an IC, where pin count is severely limited in many 
microcontroller and digital signal processor (DSP) 
designs. In general, this brute force method of connect- 
ing unique lines to each node in the system is fast 
becoming unreasonable. 

[0005] Generally, a need exists In the ti^nsportation 
industry and others, for a distributed communication 
bus architecture and methodology which enables 
generic nodes or components to be intercoupled via a 
common communication bus connection where unique 
addressing or tagging of the generic components is stiti 
enabled. 

Brief Description of the Drawings 
[0006] 

FIG. 1 illustrates, in a block diagram, a transporta- 
tion electrical system containing many electrical 
sut>systems configured in a manner which are 
known in the art; 

FIG. 2 illustrates, in a block diagram, a tree commu- 
nication bus system which can be used to intercou- 
ple a plurality of generic nodes in a t-ansportation 
system while achieving individual unique address- 
ing of each node in accordance with the present 
invention; 

FIG. 3 illustrates, in a block diagram, a ring commu- 
nication bus system which can be used to intercou- 
ple a plurality of generic nodes in a transportation 
system while achieving individual unique address- 
ing of each node In accordance with the present 
invention; 

FIG. 4 Illustrates. In a top down schematic diagram, 
an automobile airt^ag system 50 spatially oriented 
according to a layout of an automobile in accord- 
ance with the present invention; 

FIG. 5 illustrates, in a block diagram, a specific tree 
structure airbag automotive subsystem in accord- 
ance with the present invention; 

FIG. 6 illustrates, in a block diagram, a specific ring 
configured airt>ag automotive system in accord- 
ance v^th the present invention; 

FIGs. 7-8 illust-ate, in an interconnected flow chart. 
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a method for configuring tlie nodes of FIGs. 4-6 
with unique addresses in accordance with the 
present invention; 

FIGs. 9 and 10 illustrate, in block diagrams, respec- 
tive alternate emt)odiments for the systems previ- 
ously illustrated in FIGs. 5 and 6 in accordance with 
the present invention; and 

FIG. 1 1 illustrates, in a flow chart, an alternate 
methodology to that previously illustrated in FIGs. 
7-8 in accordance with the present invention. 

Description of a Preferred EmkxxJiment 

[0007] For clarity, the following desaiption focuses on 
an automotive embodiment of the present invention. 
The automotive embodiments considered hei;einbelow 
are illustrated in FIGs. 1-11. The present invention is 
applicable to any transportation system having a distrib- 
uted control and command system, and is not intended 
to be limited to automotive embodiments discussed 
herein. The method for address initialization of generic 
nodes in a distributed command and control system of 
the present invention is not specific to a particular node 
function, but as illustrated hereinbelow may be used to 
initialize any number of systems. 
[0008] FIG. 1 illustrates a conventional transportation 
electrical system 10. System 10 contains, by way of 
example, a body system 12, a power train system 14. 
with a gateway connection 16 allowing selective com- 
munication between the power train system 14 and the 
body system 12. 

[0009] The body system 12 may contain any number 
of sub-systems configured as discussed above. Three 
specific sub-systems are illustrated in FIG. 1 as the air 
bag system 18. the heating ventilation and air condition- 
ing (HVAC) system 20. and a power seat system 22. 
[001 0] In FIG. 1 , the air bag system 1 8 comprises an 
air bag controller 24 for mpnitdring all sensors within the 
airt>ag system 18 and for controlling all actuators within 
the system 18. Airbag controller 24 is coupled to four, 
generic airbag actuators 26. Since each actuator 26 is 
generic, if all . actuators 26 are coupled together on a 
common communication bus. a particular actuator 26 
can not be uniquely selected to the exclusion of all other 
actuators 26. To overcome this, unique and exclusive 
line(s) are coupled between the airbag controller 24 and 
each actuator 26. By using separate conductive lines, 
the airbag controller 24 can control each actuator 26 
irKlependently of all other actuators 26. Also within sys- 
tem 18, airbag controller 24 is directly coupled to two. 
generic collision sensors 28. 
[0011] The airt>ag system 18 requires a significant 
amount of wire for connection between the airt>ag con- 
troller 24. the actuators 26 and the sensors 28. This 
extensive amount of wire Increases the cost of manu- 
facturing and the weight of an automobile. The intercon- 



nect density available within a system, such as an 
automobile chassis, may prohibit such extensive vtnring. 
New designs may require significant hardware change, 
making reuse of the design difficult. A new design which 
5 adds functionality, such as additional sensors or actua- 
tors, may exceed the available pin count dt the controller 
24; adding additional pins would increase the cost of the 
controller 24. 

[0012] As shown in FIG. 1. the system 10 also 

10 includes a distributed command and control system, 
HVAC system 20. HVAC system 20 includes an HVAC 
controller 30 and five actuators/sensors 32A. 32B. 32C. 
32D. and 32E, connected to a common communication 
bus 33. When HVAC system 20 is fully assembled, the 

IS actuators/sensors 32A. 328, 320. 32D. and 32E are dis- 
tinguished from each other, i.e. not identical. This may 
be done by using sockets which are physically or electri- 
cally distinct from each other. e.g., each socket may 
have different address pin connecttons, so that each of 

20 the actuators/sensors 32A-32E may be assigned a dif- 
ferent address. When using this unique socket 
approach, human error during assembly could result in 
a non-functional HVAC system 20. In the aKernative, 
actuators/sensors 32A-32E may bB electrically pro- 

25 grammed before assembly so that each of actua- 
tors/sensors 32A-32E has a different address. In this 
case, since actuators and sensors 32A-32E are no 
longer generic, five separate components must be 
tracked, stored, and coordinated by a transportation 

30 manufacturer. Therefore, the methodology Illustrated in 
HVAC system 20 adds additional costs to the manufac- 
turing process, and increases the risk of an improperly 
functioning HVAC systems via additional chance of 
human error. Repair, replacement, and redesign of sys- 

35 tems containing these multiple different components is 
also more onerous. 

[0013] FIG. 1 also illustrates a control and command 
system power seat system 22 which has a power seat 
controller uniquely coupled through separate lines to a 

40 plurality of generic actuators 36. In additton to the sys- 
tems illustrated in FIG. 1. there are many subsystems 
and electrical architectures within any transportation 
design which could be optimized to reduce cost, reduce 
interconnection complexity, reduce weight, increase 

45 flexibility, reduce possibility of human error, and gener- 
ally Improve the overall performance of automobile elec- 
trical systems. 

[0014] Generally, the present invention is a method for 
interconnecting a plurality of generic nodes into a com- 

50 munication bus structure where the nodes are inte- 
grated circuits (ICs) and components. Including CPUs, 
sensors, actuators, switches, or any other electrical, 
optical, or electrcmechanical device suitable for a trans- 
portation application. A main node or CPU of the sys- 

55 tem provides a unique address to each generic node. 
This addressing is done after assembly, in spite of the 
nodes being generic when first assembled into the sys- 
tem. According to one embodiment, the method and 
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architecture discussed herein interconnects generic 
nodes In a tree structure (FIG. 2). Another embodiment 
interconnects generic nodes in a ring structure (FIG. 3). 
The present invention provides a method Ibr distin- 
guishing each of the generic nodes, where all nodes are 
Interconnected along a single communication bus. 
[0015] In the prior art as in the HVAC system 20 of 
FIG. 1. the difficulty in addressing generic parts was 
overcome by making each of the actuators 32 a different 
part before assembly. Each of the actuators 32 were 
either electrically programmed or physically intercon- 
nected so as to distinguish one actuator from another 
actuator in system 20. The alrbag system 18 of FIG. 1 
Illustrates an alternative method of differentiating 
generic nodes. Here each generic actuator 26 is 
uniquely addressed by an exclusive connection to cen- 
tral controller 24. However, this interconnection scheme 
significantly increases the cost of the system, increases 
the interconnection density within an automobile. 
[0016] The system and method discussed hereinbe- 
low connects a plurality of generic nodes together on a 
same communication bus. The connections are made 
at the point of physical assembly. During an initialization 
period, the method determines a distance for each node 
with respect to a main node. The determination may 
involve a measurement of voltage potential, current, 
optical measure, thermal measure, resistivity, or a 
change in a parameter, along the communication bus 
length to determine a distance of each node from a 
main node. 

[001 7] In a distributed control system having a control 
unit and at least one node coupled to a common com- 
munication bus. the distributed control system having a 
predetermined topology, when each node is a unique 
distance measured from a central controller along a 
communication bus. then that distance information pro- 
vides a unique identifier. In one embodiment, the 
method of initializing addresses includes determining a 
distance from the control unit to each node, the distance 
representing a relative location of said node In the pre- 
determined topology; and assigning a specific address 
to said node based on the relative location of said node 
in the predetermined topology. A measurement is made 
at each node and the measurement information is 
stored. The main node assigns an address to each 
node based on the measurement information. The 
measurement information may be adjusted to correct for 
errors. In this way, a subsystem having a plurality of 
generic nodes, such as those often used in transporta- 
tion applications, is designed using a single communi- 
cation interconnecting generic nodes. 
[0018] The use of a single communication bus not 
only reduces manufecturing costs, but reduces inter- 
connection density and results in a reduced weight of 
the automobile. Using such a design, the addition of 
new nodes to the system is easier to accomplish. In 
addition, it is possible to implement the design using 
generic nodes whereby parts are easier to track during 



manufecturing interchangable for repair and replace- 
ment. In addition, since all of the nodes connected to 
the communication bus are generic, human error result- 
ing from the misplacement of a part into the system is 

5 eliminated. In summary, the use of a unique distance of 
each node to assign addresses within a distributed sys- 
tem offers significant advantages over the prior art. 
While automotive applications seem to be a first appli- 
cation, many other distributed systems may benefit from 

10 this technique, such as home wiring, telecommuntoa- 
tions. etc. 

[001 9] FIG. 2 illustrates one type of distributed system . 
having generic nodes which can be used in accordance 
with the present invention. The network of FIG. 2 is 

75 referred to as a tree network since the communication 
bus 41 is a single length of wire that does not dose in on 
itself. FIG. 2 illustrates a main node 40 which may be an 
electronic control unit (ECU), a digital signal processor 
(DSP), a microprocessor, a microcontroller unit (MCU), 

20 a custom integrated circuit or any like central processing 
unit (CPU) or combination thereof. The main node con- 
trols the operation of the nodes 42 and coordinates 
communication among the nodes 42. In FIG. 2, the 
nodes 42 are all generic components, that are coupled 

25 to the central communication bus 41 . 

[0020] Typically nodes 42 are purchased as identical 
function parts. The central communication bus 41 may 
operate using any communication bus protocol contain- 
ing one or more conductive lines, but preferably oper- 

30 ates according to a transportation communication bus 
standard. The nodes 42 are generic devices that are 
indistinguishable from each other except for their posi- 
tion along the physical length of the communication bus 
41. Note that it is possible to have multiple types of 

35 nodes along a single^^mmunication bus. The function- 
ality of each of tiie nodes 42 within the system Is deter- 
mined by their position. For example, if an airbag 
system is configured as illustrated in FIG. 2. then each 
of nodes 42 may be an actuator at a specific location. In 

40 this case, the node 42 positioned in the driver's side air- 
bag responds to a different stimulus than the node 42 
positioned in the steering wheel airbag. The nodes 42 
can be actuators, such as squibs used to fire airt>ags or 
electric stepper motors, sensors such as aocelerbme- 

45 ters or pressure transducers, communication devices, 
other microconti-ollers (MCUs), DSPs, switches, or 
other nodes along any interconnected network 
[0021] FIG. 3 illustrates an alternate distributed sys- 
tem, referred to as a ring configuration, having a main 

so node 31 connected to a communication bus 43 to form 
a ring. A plurality of generic nodes 42 are then coupled 
to the communication bus 43 as illustrated in FIG. 3. As 
in FIG. 2. the main node 31 is a central controller or 
some intelligent device that controls tiie operation of 

55 nodes 42 and/pr monitors the nodes 42. The nodes 42 
are all generic devices with the exception that their 
physical placement onto tiie communication bus 43 is 
different for each node 42. Note that it is possit>le to 
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have multiple types of nodes along a single communica- 
tion bus. For example, it is foreseeable that actuators 
and sensors will be configured along a single communi- 
cation bus. 

[0022] In FIQ. 2 and FIG. 3, the generic nodes 42 can 
be uniquely tagged or uniquely identified by discovering 
and utilizing their position, distance, or proximity along 
either the communication bus 41 or communication bus 
43. As long as no two nodes are the same distance from 
the main node 40 and 50 along the respective commu- 
nication buses 41 and 43, each node 42 can be individ- 
ually identified and individually provided with a unique 
address so that each generic node within the systems 
of FIG. 2 and FIG. 3 can be uniquely and individually 
accessed to the exclusion of all other nodes. Further- 
more, trts address and the location of the node 42 in the 
system is typically associated with the function of that 
device in transportation applications. For example, the 
driver front airt>ag is probably the closest device to that 
main node 31 when the node 31 is located in the driver 
side of the dashboard. However, the collision sensor in 
the rear of the vehicle is probably farthest from this main 
node 31 within the driver side dashboard. Therefore, by 
knowing the topography of the design, the main node 31 
wilt understand that the closest node it finds is to be 
addressed as the driver front air bag, and the farthest 
node it finds should be addressed and used as the rear 
collision detector for example. In summary, the distance 
of the node can be easily correlated to the function of 
that node tf the main controller knows the layout or 
topology of the transportation communication bus 
design. 

[0023] FIGs. 4-1 0 will illustrate: (1 ) how the designs of 
FIGs. 2-3 can determine the placement of generic 
nodes along one or more of the communication buses 
41 and 43; and (2) how to assign the generic nodes 
unique addresses that indicate their function after their 
distance on the communication bus is determined. 
[0024] FIG. 4 illustrates an automotive atrbag electri- 
cal system 50 as it is physically placed around the chas- 
sis of an automobile, FIG. 4 illustrates the airbag 
electronic control unit (ECU) 52 which is analogous to 
the main nodes 40 and 50 of FIGs. 2 and 3 respectfully. 
The ailing ECU 52 of FIG. 4 is coupled to one ring com- 
munication bus 53, as iUustrated in FIG. 3, arKi two tree 
communication bus systems 55 and 57, as each are 
illustrated in FIG. 2. 

[0025] Starting from the left hand side of FIG. 4 at the 
ECU 52 and moving clockwise along the ring communi- 
cation bus 53, the ring communication bus 53 first inter- 
connects to two actuators 54 which are analogous to 
the nodes 42 of FIGs. 2 and 3. The first two actuators 54 
in FIQ. 4 will control the deployment of a passenger 
front airbag. The two actuators 54 are used to operate a 
single airbag. where according to one embodiment, one 
triggers the air bag in response to a low speed collision 
while the other or both actuators are utilized in higher 
speed collisions. Here these actuators are separated by 



a wire loop 58. 

[0026] As illustrated in FIG. 4, any number of actua- 
tors 54 are similarly separated by a wire loop 58. The 
loop of wire 5d adds length to the communication bus 

5 53 to effectively increase the distance between the two 
closely spaced actuators 54; in this way the distance 
from ECU 52 to each node can be accurately measured 
and distinguished by ECU 52. Each actuator 54 may 
then be uniquely identified by a unique distance that is 

10 well outside the distance detection en^or of the elec- 
tronic system incorporated witiiin ECU 52. It has been 
experimentally determined, using cun-ent technology, 
that the loops 58 should ensure that at least roughly fif- 
teen centimeters of wire separate any two adjacent 

IS communication bus-coupled actuators. This separation 
allows each actuator to be positioned having a unique 
distance from the controller; each actuator position is 
then uniquely discernible from all other actuator posi- 
tions along communication bus 53. Other embodiments 

20 and other systems may incorporate any length of wire 
which allows each node to be distinguished, i.e. provide 
a minimum actuator to actuator distance greater than 
the error of the measurement and operatbn of the con- 
- troller 

25 [0027] Continuing counter clockwise along communi- 
cation bus 53, two actuators 54 separated by a loop of 
wire 58 are located at a middle top portion of FIG. 4 and 
control one or more side airt>ags for tiie front passenger 
portion of the car. Continuing in a clockwise direction 

30 along ring communication bus 53, two actuators 54, 
separated by another loop of wire 58, are used to con- 
trol a side airbag for a fight rear passenger. Continuing 
clockwise along tiie communication bus 53 to a bottom 
portion of FIG. 4. the communication bus 53 couples to 

35 two actuators 54 separated by a loop 58 which will con- 
trol one of more aiibags for a left rear passenger. Still 
continuing clockwise, two or more actuators 54 and a 
loop of wire 58 between each closely spaced actuator 
will allow for control of a driver side airbag. Continuing 

40 clockwise back toward tiie airbag ECU 52, two final 
actuators 54 and another loop of wire 58 are used to 
operably couple the final two actuators to enable control 
a driver front aiibag. As can be seen from FIG. 4 the 
actuators 54. the loops of wire 58, and the ring commu- 

45 nication bus 53 implement a ring communication bus 
architecture as illustrated in FIG. 3. 
[0028] FIG. 4 also illustrates tree communication bus 
structures 55 and 57, which are each coupled to the air- 
bag ECU 52. The communication bus 55 controls a 

so seati^elt pretensioner actuator 54 on botii a front seat 56 
and a back seat 56 and a front airi^ag for a left side back 
seat passenger In the same manner, a tree communi- 
cation bus structure 57 also controls two seatbelt pre- 
tensioner actuators 54 for tiie front seat 56 and back 

55 seat 56 as well as a second front airt>ag for ttie right side 
back seat passenger. These tree structures 55 and 57 
are similar to the general tree structure illustrated in 
FIG. 2. 
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[0029] Returning to communication bas 53, the airbag 
ECU 52 will uniquely determine a position of each actu- 
ator 54 on the communication bus 53. The selective 
positioning of loops between actuators 54 provides 
additional distance between actuators which are 
spaced too closely 1o distinguish one from the other 
ECU 52 has information regarding the predefined topol- 
ogy of the system. ECU 52 then assigns addresses to 
each actuator 54 based on its distance from the airbag 
ECU 52. Note that according to one emtxxJiment. the 
distance is measured unidirectionally. Once a unique 
address has been provided to each actuator 54, each 
actuator 54 can be individually addressed, controlled, 
diagnostically tested, and monitored by the airbag ECU 
52. The same is true for ail actuators 54 along the tree 
communication buses 55 and 57. Once each actuator is 
uniquely located along a distance of these communica- 
tion buses 55 and 57, the actuators 54 on these com- 
munication buses can be uniquely provided with a 
unique address and unquely identified for subsequent 
operation, monitoring, and diagnostic servicing. 
[0030] The automotive airbag application illustrated in 
FIG. 4 is an exenrplar of a distributed command and 
control system incorporating the present invention. Both 
ring type and tree type systems are considered. Alter- 
nate embodiments may utilize the a combination of 
these types or may implement some other type of com- 
mand and control distritxited format. 
[0031] FIG. 5 shows a more detailed illustration of a 
tree communication bus structure 55 or 57, including 
nodes 54 and ECU 52 of the air bag electrical system 
50 of FIG. 4. More specifically, the air K>ag ECU 52 of 
FIG. 5 contains an ECU communication unit 59 and a 
current and voltage supply unit 58, each coupled to 
common bus 55. When the system of FIGs. 4 and 5 is 
first assembled, none of the generic nodes 54 within the 
system are uniquely tagged. Upon start up. the current 
and voltage supply unit 58 is used to Identify the dis- 
tance of each node 54 along the communication bus 
interconnection 55 or 57. The ECU communication unit 
59 will then provide a unique address to each node 54 
on the common bus 55. After provision of these unique 
addresses to the nodes 54 during a normal mode of 
operation is free to commence, where each node is 
accessed t)y address. In a normal mode of operation, 
control information, monitoring information, and diag- 
nostic information can be uniquely tagged and commu- 
nicated to individual nodes 54 connected to the 
common bus 55, even though each node 54 attached to 
common bus 55 was an indistinguishably generic struc- 
ture to all other nodes 54 when first installed into the 
transportation system. 

[0032] According to one automotive airt>ag embodi- 
ment, each node 54 in FIG. 4 and FIG. 5 includes a 
communication circuit and an error checking circuit 60. 
such as a cyclical redundancy code (CRC) check unit. 
Each node also contains a node address initialization 
unit 61 . and a squib control unit 66. The communication 



circuit unit 60 wilt allow information to be communicated 
bidirectionally between the node 54 and the ECU com- 
munication unit 59 as previously discussed. When the 
system of FIG. 5 is in an initialization mode of operation. 

5 the communication circuit unit 60 can provide derived 
digital serial distance data to the ECU communication 
unit 59. In addition, the communication circuit unit 60 
will receive and properly route the unique address com- 
municated from the ECU communication unit 59 to the 

10 node 54 in response to its communication of Its distance 
data. Furthermore, during normal mode of operation 
data, address, and CRC date is serially latched as input 
and latched for serial output by the interface 60: Mini- 
mally, the communication circuit 60 generally has a 

IS serial shift register for capturing addressing bits, a serial 
shift register for data capture once properly addressed, 
and a data register for providing serial data output to the 
communication bus (may be same as data capture reg- 
ister). During normal mode of operation, an error check- 

20 ing circuit, such as that illustrated with communication 
circuit 60, or a CRC check or any other type of error 
detection and/or correction circuit is used to ensure that 
enrors in the transmission between the air bag ECU 52 
and a node 54 do not result in enroneous operation of 

25 the air bag safety system (e.g.. triggering of the air l>ag 
when there is no accident). 

[P033] The analog distance determinatton circuitry 61 
contains a controller 62. random access memory (RAM) 
68, nonvolatile memory portion 70, an analog-to-digital 
30 (A/D) converter 64, and a voltage regulator 72. The con- 
troller 62 generally controls the operation of the node 54 
(e.g., whether the node is in the nomnal nrxxJe of opera- 
tion or the initialization nKxIe of operation). When the 
node 54 is first powered on, the controller 62 informs the 
35 A/D converter 64 that the initialization mode of opera- 
tion is beginning. During the initialization mode of oper- 
ation, the current and voltage supply unit 58 will provide 
voltage and/or cun-ent signals along the communication 
bus 55 which will allow the A/D converter 64 to derive 
40 certain digital values over time. Note that during the Ini- 
tialization process, the connector 74 is temporarily cou- 
pled to the communication bus 55 to short circuit or 
"•close-loop" the communication bus for the current- 
driven distance determination of the initialization proe- 
ms ess (see FIG. 7). These certain digital values are pro- 
vided to the RAM 68 via the controller 62. The specific 
determination and provision of these digital values and 
their significance to determining the distance on the 
communication bus 55 are discussed in more detail with 
so respect to subsequent FIG. 7. 

[0034] Once the specific digital distance values are 
stored within the RAM 68. the controller 62 will then pro- 
vide these distance values back to the ECU communi- 
cation unit 59 via the communication circuit 60. Once 
55 the ECU unit 52 has received all of the distance infor- 
mation from all of the units 54, the ECU 52 will then pro- 
vide addresses from the unit 56 to all of the controllers 
62 within each node 54 of the system of FIG. 5. Each 
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node 54 will be uniquely tagged by the ECU communi- 
cation unit 59 during this unique address provision oper- 
ation by using the distance values that the controller 62 
previously stored into RAM 68 as a unique identifier. In 
other words, each node 54 within the system of FIG. 5 5 
will have different distance values stored in RAM 68 
whereby these difference distance values may be used 
to address an individual node 54 to the exclusion of all 
other nodes 54 during the address initialization process. 
Once a node 54 has been uniquely identified by the re- 10 
transmitted distance values from the unit 56 to the 
nodes 54, the ECU communication unit 59 will provide a 
unique address value which the communication circuit 
60 only of that selected node 54 will accept. That con- 
troller 62 will provide the respective unique address to is 
the nonvolatile memory portion 70 of FIG. 5. Each of the 
nodes 54 are serially provided with a unique address In 
this manner. 

[0035] The nonvolatile memory 70 is one or more of 
ferroelectric embedded DRAM, electrically erasable 20 
programmable read only memory (EEPROM), or like 
nonvolatile storage devices. Once an address is 
obtained for use within the nonvolatile memory 70, the 
A/D converter 64 is informed by the controller 62 to 
deactivate, and the entire system of FIG. 5 is now capa- 25 
ble of entering a normal mode of operation with full 
addressing capability. In the normal mode of operation, 
the ECU communication unit can provide packets of 
information containing an address, data, and error 
checking information to the communication bus. Only 30 
the single node 54 which is uniquely tagged by the 
packet as can be determined by comparing the packet 
address to the nonvolatile memory contents will process 
the data information. Therefore, every generic node 54 
within the system of FIG. 5 can be uniquely tagged by 3S 
using the architecture illustrated in FIG. 5. 
[0036] While FIG. 5 illustrates the tree structure of 
communication buses 55 and/or 57 of FIG. 4, FIG. 6 
Illustrates the ring structure of communication bus 53 
from FIG. 4. Generally, the architecture of FIG. 6 is anal- 40 
ogous to the architecture of FIG. 5 with some minor 
changes. FIG. 5 relies on an externally attached con- 
nector 74 in order to short the communication bus 62 of 
FIG. 5 in order to perform current-based distance detec- 
tion operations. In FIG. 6, due to its ring architecture, a 45 
switch unit 76 is used in air bag ECU 52 in order to close 
the loop^on the communication bus 53. Closed loop 
operation is needed within the system during the initial- 
ization period as will become evident after the discus- 
sion of FIGs. 7-8. so 
[0037] FIGs. 7-8 illustrates a interconnected flowchart 
which teaches a methodology to initialize the structures 
of FIGs. 5 and/or 6. Generally, FIGs. 7-8 illustrates a 
technique by which voltage and current processing can 
be used to identify a physically unique distance of each 55 
node 54 along a communication bus structure 53 or 55. 
Once, this distance is determined for each node 54 by 
the nodes themselves, the distance value(s) are com- 



municated from the nodes 54 to the air bag ECU 52. 
This distance information is processed the ECU 52 
whereby each unique distance is assigned to a unique 
address. These unique addresses are then provided to 
each node 54 where the nodes are addressed to pro- 
vide these unique addresses via their unique distance 
information that was previously transmitted by the 
nodes 54. Once each node 54 receives its unique 
address, the unique address is stored in nonvolatile 
memory (NVM) for permanent addressing use within 
the node. At this point in time, all othenmse generic 
nodes 54 have been provided with a unique address 
whereby normal operation may commence with each 
node 54 being uniquely addressable within the commu- 
nication txis system. 

[0038] The method of FIGs. 7-8 begins in FIG. 7 by 
defining a topology of the air bag system in a step 82. In 
other words, an automotive designer will define the 
nunfi>er of actuators coupled to each communication 
bus, the type of communication bus architectures used 
(either ring or tree or both), and the function of the actu- 
ators on each communication bus according to the actu- 
ator's position/distance along the communication bus 
length (e.g., the closest actuator is a front air bag, a mid- 
dle actuator is a front seat pretensioner, arxj a farthest 
actuator on the communication bus is a collision accel- 
erometer to detect an auto accident). Defining the topol- 
ogy before assembly, initialization, and operation of a 
transportation system is important since certain param- 
eters of the software within the ECU 52 must be pro- 
grammed according to the topology in order to enable 
proper initialization and operation. For exannple, for ini- 
tialization purposes, it may be advantageous for the 
ECU 52 to know exactly how many nodes 54 are 
attached to its communication bus. Once the specific 
number of nodes attached to the communication bus is 
understood, the ECU 52 can perform more efficient ini- 
tialization operations without missing the address initial- 
ization of some important nodes. Furthermore, once the 
ECU 52 determines that there are N nodes rank- 
ordered in distance from 1 ..N. it would be useful for the 
ECU 52 to know what function is performed by each 
actuator in each relative position. Knowing what is the 
closest actuator and the farthest actuator does little 
good if the system does not know which actuator's posi- 
tion represents the passenger airtsag squib and which 
actuator position represents the driver airbag squib. In 
ail circumstance, the changes to the software within 
ECU 52 that are required to implement different topolo- 
gies is minimal and is usually only a change in one or a 
few variables within the ECU 52 software. 
[0039] After the topology of the air bag system has 
been defined in step 82. the air bag system is assem- 
bled via step 84. In other words, step 84 will assemble 
the actuators 54. main node ECU 52. and wiring into an 
electrical system as illustrated in one or more of FIGs. 2 
through 4. Once the system has been assembled in 
step 84, the ECU 52 is programmed in accordance with 
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the topology from step 82 in a step 86. in step 86, the 
ECU is programmed in accordance with the topology of 
step 82 to allow for efficient initialization and operation 
of the system as previously discussed. For example, the 
ECU 52 may be told that there are six actuators in the 
communication bus system wherein the two closest 
actuators are the front passenger air bags, the next two 
closest actuators are side air t>ags and the last two clos- 
est actuators are seat belt restraint devices for the back 
seat. Knowing the number of actuators in the system 
and their desired operation as a function of distance 
along the communication bus will allow the ECU to per- 
form efficient and correct initialization operations on 
these generic actuators. In addition to programming of 
the ECU 52, power is provided to all of the actuators, 
communication buses, and ECU devices within the sys- 
tem via step 86. 

[0040] In step 88, the current and voltage supply 58 
within FIGs. 5 or 6 will provide a reference voltage (Vref) 
along the respective communication bus 53 or 55 that 
requires initialization. At this point in time, the connector 
74 of FIG. 5 is not attached to the system and the closed 
circuit unit 76 of FIG. 6 is controlled so that the end of 
the ring communication t>us 53 in FIG. 6 is discon- 
nected. When in this state, the reference voltage pro- 
vided in the communication bus should be the same 
voltage provided to all of the nodes 54 within the sys- 
tem, assuming no significant cun'ent loss due to leak- 
age current (which is a safe and accurate assumption 
for the method of FIG. 7). With little or no leakage cur- 
rents, the voltage VI and the voltage VN respectively 
across all N of the nodes 54 coupled within the systems 
of FIGs. 5 and 6 should register the same input voltage 
where V1=:V2=... = VN=Vref as provided by unit 58. 
Since the nodes 54 have just been powered on. the con- 
troller 62 of FIGs. 5 and 6 informs the A/D converter 64 
that the initialization mode is now beginning. The A/D 
converter will convert the reference voltages (V1 .. VN} 
for each node into a digital voltage reference (VreQ 
value and store this digitally converted result within 
RAM 68 through the controller 62. Therefore, each of 
the N nodes in FIGs. 5 and 6 will be able to store a dig- 
ital equivalent of their respective input reference voltage 
value within RAM 68. 

[0041] The digital Vref value stored within each RAM 
68 in each node 54 serves a very inportant function. 
Even though the analog Vref voltage applied to each 
node 54 is equal or nearly equal, each A/D converter 64 
and each voltage regulator 72 within each node is an 
imperfect mismatched analog device. The A/D con- 
verter 64 and the voltage regulators 72 will vary from 
node-to-node, will vary with different temperatures, and 
will have inherent nonlinearities which may render each 
node 54 slightly different from all other nodes 54. In 
order to remove this nonlinearity and inherent error from 
the system, the reference voltage (Vref) is used in the 
methodology of FIG. 7. The digital Vref value stored in 
the RAM unit 68 will allow the ECU communication unit 



59 to subsequently remove any nonlinearity from the 
system whereby any nonlinearity in one node (which 
may adversely affect the determination of its position) 
can be effectively removed as a concern via ECU 52 
5 whereby the distance determination of each node within 
the system is rendered much more accurate. Therefore, 
step 90 of FIG. 7 stores a digital Vref value into RAM 
location 68 of each node or distance enror correction 
purposes. 

10 [0042] After step 90. a step 92 will signal the end of 
the Vref recordation phase, e.g. by shutting off the sup- 
ply of the voltage reference signal from the current and 
voltage supply 58. This Vref termination period is per- 
formed to communicate to all the nodes 54 that the dig- 

15 ital Vref recordation portion of the initialization algorithm 
has terminated. Typically, enough time is provided in 
step 90 to ensure that all nodes 54 have adequately 
processed and stored a digital Vref value before Vref is 
shut off in the step 92. 

20 [0043] in step 94. the air bag communication bus 53 
and/or 55 is configured to perform a distance loop 
measurement using a sourced current provided as out- 
put from the current supply 58. In the case of FIG. 5, the 
required closed loop configuration is enabled by provid- 
es ing a connector 74 across the communication bus 62 to 
short both signals of the communication bus 62 
together to form a loop structure. Connector 74 may be 
as simple as a resistive device or loop of wire, but 74 
may also contain sophisticated diagnostic electronics. If 

30 more than two communication bus signals are provided, 
the loop need only close circuit any two signals (e.g.. 
power and ground, signal and ground, signal and power, 
etc.) that connect to each and every node on the com- 
munication bus). For the ring configuration of FIG. 6. the 

35 step 94 of FIG. 7 is accomplished by informing the cir- 
cuitry within unit 76 to short both signals of the ring 
communication bus 53 together with one another 
through an optional resistance device. Therefore, in 
step 94, one of either the externally attached connector 

40 74 or the internally controlled unit 76 forms a closed 
loop connection on its respective communication bus 
structure. 

[0044] Once a closed loop connection is formed on 
the communication bus in step 94, the cunrent and volt- 
es age supply unit 58 will communicate a fixed reference 
currerrt (I) unidirectionaliy through the closed loop com- 
munication bus 53 or 55 in one or more of FIGs. 5 and 
6. Since the communication bus has a resistance value 
per unit length, the resistance esq^erienced by each 
so node via the communication bus connection is linearly 
proportional to the distance of wire connected between 
the unit 58 and the node 54. In other words, nodes 54 
that are closer to the current and voltage supply unit 58 
eUong the communication bus 53 or 55 will experience a 
55 different voltage than those nodes positioned far away 
from tiie current and voltage supply unit 58. As a spe- 
cific example, tiie voltage VI in FIG. 5, which is a differ- 
ential node voltage physically closest to the current and 
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voltage supply unit 58, may have a differential voltage 
value of 100 millivolts (mV) whereas a node 54 located 
farthest away from the current and voltage supply unit 

58 may have a differential VN of roughly 15 millivolts 
(mV). These different voltages experienced by each of s 
the nodes are called the node's respective distance volt- 
age or Vdist. Any of the nodes lying between the closest 
node 54 and the farthest node 54 will have some differ- 
ent Vdist voltage value proportional to communication 
bus distance where Vdist is somewhere between the io 
high and low values of lOOmV and 15mV for the above 
example. 

[0045] In a step 98, the controller 62. in response to 
the signaling from steps 92-94, waits for a settling tirne 
and then informs the analog to digital converter 64 in its 75 
respective node 54 to record the converted vaiue of this 
analog distance voltage (Vdist) and store the resulting 
digital distance voltage (Vdist) within the RAM 68 along 
with the previously stored digital Vref value. Therefore, 
the node 54 closest to unit 58 will store a digital Vdist 20 
value analogous to 100 millivolts in the RAM 68 
whereas the ferthest node 54 within the system will 
record a digital Vdist vaiue analogous to 15 millivolts 
vwthin its RAM 68. Note that two dosely-coupled adja- 
cent nodes along the communication bus may differ in 25 
Vdist only by a few millivolts. In these cases, the nonlin- 
earity. process differences, and like inherent variations 
between the analog circuitry in the nodes 54 may result 
the closest node reading 50mV and the farthest node 
reading Slnrrv erroneously (remember that in the spe- so 
cific embodiment of FIGs. 5-6 that the closer node 
should have a greater Vdist than the ferther node). How- 
ever, this error in Vdist can be quantified by the Vref val- 
ues where the Vref values may be used to ''correct" any 
en'oneous Vdist values into their Irue" or "con-ected 35 
Vdist values. The combination of the Vref value and the 
Vdist value within each RAM 68 will allow each node 54 
to be uniquely identified by the ECU communication unit 

59 since no two nodes will have the same Vdist and Vref 
values. In other words, the combination of the Vref and 40 
the Vdist values within the nodes 54 will allow the ECU 
unit 56 to accurately organize the nodes 54 in accord- 
ance with their respective distances along the commu- 
nication bus and will allow the ECU unit 56 to uniquely 
identify each node in the system. 45 
[0046] In one form, the Vref and Vdist values may be 
processed by the individual nodes to create a unique 
processed value wherein these unique processed val- 
ues become the unique address for each node. The 
ECU may then be told what the addresses are once the so 
nodes assign the unique addresses to themselves. In 
another form, the Vdist and Vref values are communi- 
cated to the more powerful ECU 52 so that the ECU can 
mathematically process the Vdist and Vref values and 
provide a unique address to each node using a recom- ss 
munication of the Vdist and Vref values as a unique 
node identifier. This second form is further illustrated in 
the remaining steps of FIG. 7. 



[0047] After a sufficient amount of time has passed for 
each node to perform the proper processing within step 
98, a step 100 commences. In step 100, the connector 
74 of FIG. 5 is removed from the communication bus 55 
and/or the unit 76 of FIG. 6 is disabled to return the 
communication buses 53 and/or 55 to the normal open 
loop configuration. In addition, the current and voltage 
supply 58 is disabled and decoupled from the communi- 
cation bus 53 and/or 55 in step 100. In essence, the air 
l3ag communication bus is converted back to a normal 
configuration to allow each node 54 to communicate the 
Vdist and Vref values from each of the RAMs 68 to the 
ECU communication unit 59 via the communication cir- 
cuit 60 in each node 54. Note that communication circuit 
60 may include a serial communication unit or any other 
type unit adapted for communication on a common bus. 
[0048] This communication of Vdist and Vref values 
from nodes 54 to the ECU unit 52 commences via a 
step 102 in FIG. 7. In step 102, each node sets a ran- 
dom time at which to begin transmitting the Vdist and 
Vref values from its RAM 68 to the ECU communication 
unit 59. In order to enable such communication, each 
node 54 waits a random amount of time that likely differ- 
ent lor each rnxie, and then provides the Vdist and Vref 
values from the RAM 68 to the communication circuit 60 
via the controller 62. In other words, each node sets a 
random time in a counter and times out the counter 
using this random time (note that each random time 
should statistically be different in all nodes most of the 
time, however, when two times are too dose, equal or 
overlap, collisions can be compensated for using the 
techniques outlined below). Once the random time has 
timed out within a specific node 54. that specific node's 
communication circuit 60 will begin providing the Vref 
and Vdist information serially to the ECU communica- 
tion unit 59. The ECU communication unit will use CRC 
check sum processing on all information provided from 
each node 54 to ensure proper receipt of the Vref and 
Vdist information for each node 54. The node 54 itself 
can determine if the information was properly communi- 
cated by monitoring tiie communication bus 53 and/or 
55 for communication bus contention via the communi- 
cation circuit unit 60. If tiie communication circuit 60 of 
the transmitting node 54 senses no communication bus 
contention and the ECU communication unit 59 per- 
forms proper CRC check sum calculations, then the 
information was properly communicated from that node 
54 to the communication unit 59 in step 102 and no 
retransmission is needed for initialization. 
[0049] However, some collisions in transmission 
between two or more nodes may statistically occur on 
occasion. For this reason, the ECU communication unit 
59 and the communication circuit unit 60 are constantiy 
checking tiie communication bus 53 and/or 55 for com- 
munication bus contention during step 106. If one or 
more nodes 54 detect a collision during transmission of 
the Vref or Vdist values, then each of tiie nodes which 
experience a collision will generate another random 
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delay time (see step 104) and then attempt to recommu- 
nicate their Vdist and Vref information once again after 
that additional random interval has expired. While it is 
uncertain arKi random as to how many collisions will 
occur per initialization, conventional statistical analysis 5 
indicates that all of the nodes 54 will be able to ran- 
domly communicate their Vdist and Vref information 
without collision or enror to the ECU communication unit 
59 In a reasonable amount of time far less than one sec- 
ond. 10 
[0050] The ECU communication unit 59 understands 
the topology of the system as defined in step 82. There- 
fore, the ECU communication unit 59 Knows how many 
nodes 54 are in existence on the communication bus 53 
and/or 55. Therefore, the ECU communication waits the is 
proper random time period until all combinations of the 
Vref and Vdist values for all N nodes are properly 
received. If the ECU 52 receives less than N correct 
transmissions for the system, then noise may have 
causes a failure without a node noticing the communi- 20 
cation bus contention or error whereby retransmission 
of all nodes nnust commence again until all N nodes are 
received in any random order without CRC error. 
[0051 ] After this random interval, which is a function of 
communication bus contention and noise errors, the 2S 
ECU communication unit 52 is assured that all Vref and 
Vdist pairs of digital data have been received for 
processing. Therefore, steps 108 and 110 are per- 
formed by the ECU communication unit 59 until all N 
pairs of valid Vdist and Vref information is entirely 30 
received by the unit 56. Once all N Vref and Vdist pairs 
are received for all N nodes 54 within the system, a step 
112 is performed in FIG. 7. In step 112, mathematical 
computations are performed by the unit 56 using the 
Vdist and Vref values in order to remove voltage varia- 3S 
tion, pertormance variation, process variation, A/D non- 
linearity, and other erroneous and/or inherent 
errors/differences from the original Vdist data to result in 
connected Vdist data. 

[0052] After such connective mathematical calculations 40 
are performed, a step 1 14 is performed in FIG. 8. In step 
114. the ECU communication unit 59 will sort all of the 
conrected Vdist values by magnitude from greatest to 
least or from least to greatest Since the ECU communi- 
cation unit 59 was informed of the topology of the sys- 45 
tem in step 82, the air bag system knows which device 
is supposed to be the closest device in the system and 
the function it performs, which device is to be the next 
closest device in the system and the function it per- 
forms, and so on until the last closest device in the sys- so 
tem is identified by position and function. In summary, 
after the sorting is performed in step 114. the ECU 52 
can determine which nodes 54 are to get which 
addresses (see step 116). and the unit 52 can deter- 
mine the function tiiat is performed by each addressed ss 
node 54 in tiie system given its distance along the com- 
munication bus 53 and/or 55. 
[0053] Therefore, once the corrected Vdist values are 



sorted by magnitude, a step 1 16 is performed in FIG. 8 
to assign unique addresses to each node 54 according 
to function and/or distance. In step 118 of FIG. 8. the 
ECU communication unit serially communicates the 
Vref and Vdist pairs of values out along the communica- 
tion bus 53 or 55. These Vref and unconrected or origi- 
nal Vdist values are captured by all the communication 
circuits of all the nodes 54. Only one node 54 among all 
the nodes 54 will have received Vref and uncorrected 
Vdist values that matches the information it has previ- 
ously stored in its RAM 68 (see step 120). This one 
node 54 is then on notice by its controller 62 that it must 
receive the following transmitted unique address to the 
exclusion of all other nodes 54. A unique address fol- 
lows the uncorrected Vdist and Vref information, and 
only that one node 54 which is identified by the Vdist 
and Vref values will accept the unique address via its 
communication circuit 60 (see step 122). In a step 122, 
only the nonvolatile memory 70 of the selected node 54 
is written with the.unique address. 
[0054] The steps 118 through 124 are repeated N 
times until all N unique addresses are properly sent and 
CRC checked to all N nodes connected to the respec- 
tive communication bus. Any nodes that experience a 
failure in the address CRC operation may communicate 
to the ECU 52 its Vref and Vdist information once again 
at a later time to flag such an error to the ECU 52. Onoe 
the CRC error is flagged for that one node 54. tiie ECU 
may transmit the unique address once again (along with 
Vref and the original Vdist as needed) until all unique 
addresses are properly stored in NVM 70 by the nodes 
54. After all of the units 54 have been provided with a 
unique address with proper CRC checking, the unique 
address is respectively stored in the nonvolatile mem- 
ory 70 of each node 54. After NVM storage of the 
unique address, normal mode of operation may begin 
whereby the transportation system can use the ECU 
unit 56 to uniquely identify any of the generic nodes 54 
within the subsystem for operation, later re-initialization, 
diagnostic monitoring, and the like. 
[0055] FIG. 9 illustrates an alternate embodiment to 
the 10 communication bus structure illustrated in FIG. 5. 
All of the elements in FIG. 5 and FIG. 9 that are generic 
or substantially similar in structure and/or function are 
indicated by generic reference number. One primary dif- 
ference between a FIG. 9 and FIG. 5 is that the cun'ent 
and voHage supply 58 of FIG. 5 is replaced with a cur- 
rent ramp supply 134 in FIG. 9. In addition, the exter- 
nally attached connector 74 of FIG. 5 is replaced with a 
much more complicated externally-attached reference 
voltage source (Vref) 136. In addition to these differ- 
ences, .tiie analog distance determinatton circuitry 61 of 
FIG. 5 is different from the node.address initialization 
unit 135 of FIG. 9. In FIG. 5, the unit 61 utilizes an A-D 
converter 64 during initialization in order to uniquely 
determine a physical position or distance of the node 54 
along the lengtii of the communication bus 62. In FIG. 9 
a peak and hoM unit 132 replaces the voltage regulator 
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72 in the A-D converter 64 of FIG. 5. According to alter- 
nate embodiments a sample and hold unit may be 
implemented. 

[0056] While the structural differences between FIG. 5 
and FIG. 9 seem slight, the differences resulting in the s 
methodology are significant. Unlike FIG. 5. in FIG. 9, the 
reference voltage source 136 will provide a reference 
voltage (Vref) along the communication bus 62 and the 
current ramp 134 will be providing no current. At this 
point, each node 1 54 will store a trigger voltage within a io 
capacitor in the peak and hold unit 132 which is propor- 
tional to the reference voltage provided by unit 136. 
Therefore, each node 54 will store roughly the same 
trigger voltage within its respective unit 132. 
[0057] At this point, the current ramp circuitry In circuit is 
134 will begin to ramp the current from zero amps up to 
some predetermined amperage level. Since the resis- 
tive length of communication bus exposed to each node 
54 is different, the differential voltage values VI through 
VN across each node 54 wilt change at a different rates 20 
as the current linearly ramps. In other words, nodes 
experiencing more communication bus resistance 
length will change in voltage faster and those nodes 
experiencing less communication bus resistance 
whereby the voltages V1 through VN across the nodes 25 
will begin to diverge/spread as the current ramp 
progresses. In one embodiment, the voltage VI will 
reach the trigger voltage before any of the other node 
voltages V2-VN reaches the trigger voltage. At this 
point, the peak and hold unit 1 32 will notice that the trig- 30 
ger voltage was reached for this first VI node 54 and 
notify the controller 130 of this event. This controller 1 30 
of the first VI node 54 will then send a signal to the 
ECU. One method to send this is to short the communi- 
cation bus 62 through the communication circuit unit 60 35 
whereby the ECU communication unit 59 will sense the 
electrical short-circuiting change on the communication 
bus. 

[0058] At this point, the current ramp operations via 
the unit 1 34 will cease and the ECU comnujnication unit 40 
59 will transmit a unique address value to the selected 
VI node 54 for storage in its non-volatile memory loca- 
tion 70. After receipt of a valid address as verified by a 
CRC operation, the controller 130 of that selected node 
54 will terminate its peak and hold unit connection to the 45 
communication bus and cease participation and any fur- 
ther current ramp operations. The next current ramp 
operation is then progressed with the most-recently pro- 
grammed node and all previously address-programmed 
nodes not participating in the ramp operation. Due to so 
the exclusion of all previously addressed nodes in this 
new current (I) ramp, the next ramp operation will detect 
the next farthest node in the system where its voltage 
Vn (n being an integer number between 1 and N) 
reaches the trigger voltage in the peak and hold circuit ss 
132. This serial triggering of one node at a time contin- 
ues until all nodes 54 within the system are serially pro- 
grammed with an address based upon the nodes 




position/distance along the communication bus. 
[0059] FIG. 10 illustrates a system analogous to FIG. 
9 in operation. t)ut FIG. 10 uses the ring configuration of 
FIG. 6 instead of the tree configuration of FIG. 9. In 
order to implement tiie current ramp process of FIG. 9 in 
the ring architecture of FIQ. 10. the voltage reference 
source unit 136 is moved on chip with the cunrent ramp 
circuitry 134. The communication bus 60 then forms a 
ring between the current ramp circuit 134 and the volt- 
age reference source unit 136. As was the case 
between FlGs. 5 and 6. the systems of FIGs. 9 and 10 
are very similar in structure and very similar in method- 
ology. Therefore, the discussion of FIG. 9 will generally 
apply to the discussion of FIG. 10 with the unit 136 
being internally controlled by the ECU 52 instead of 
being externally comrolled as in FIG. 9. 
[0060] FIG. 1 1 illustrates a method of operation which 
may be used in accordance with the systems of FIGs. 9 
and 10 when used in the iransportation application 
shown rn FIG. 4. In tiie metfiod 200 of FIG. 1 1 , tiie steps 
202>206 are analogous and substantially similar to the 
steps 82-86 of FIGs. 7-8. In FIG. 11, a step 208 will 
enter the initialization mode and provide the reference 
voltage (VreQ on the airbag system communication bus 
via the unit 136. As previously discussed, during step 
208. no current is flowing along the communication bus 
whereby every node 54 should be receiving the same 
reference voltage, assuming leakage current is negligi- 
ble. In a step 210, all of the nodes within tiie systems 
shown in FIGs. 9 and 10 will store a trigger voltage that 
is a function of the reference voltage (Vref) across their 
terminals. This trigger voltage is stored within a capaci- 
tor or like element/system in the circuit 132. 
[0061] Once the reference voltage is stored witiiin a 
capacitor inside the peak and hold unit 132 of each 
node 54. a step 212 will signal the end of tiie Vref stor- 
age phase. e.g. by shutting Vref off to signal to the 
nodes 54 tiiat tiie next stage of initialization is to begin. 
In a st^ 214. the Vref voltage from the unit 136 is 
turned back on and the current output from tiie unit 134 
is ramped from no current to some maximal initialization 
current In a step 216 until a trigger event is detected. 
The presence of the fixed voltage 1 36 and the changing 
of the current 134 will ensure that the differential volt- 
ages across each and every node 54 will change at dif- 
ferent rates since these nodes are located at different 
positions on the resistive communication bus interface. 
[0062] In a step 218. each node is constantiy compar- 
ing tiie voltage across their differential inputs with the 
previously stored trigger voltage that is a function of the 
Vref voltage in a step 218. Since each node 54 is sub- 
ject to a different resistance from the communication 
bus the current ramp will push the differential input volt- 
age of one node VI - VN to the trigger point before all 
others. Therefore, due to the current ramp, one selected 
node 54 will reach tiie stored trigger voltage within tiie 
peak and hold unit 132 before all other nodes 54 reach 
tiiis value. This selected node, which can be engineered 
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as being the closest node or the furthest node from the 
ECU 52 d^ending upon placement of the units 1 34 and 
136 in the system, is the selected node in step 220 of 
FIG. 10. 

[0063] Once a selected node is determined, the con- 
troller 130 of the selected node 54 will short circuit the 
communication bus via its respective interface 60. The 
ECU 52 will detect this short circuiting of the communi- 
cation bus and reconfigure the alrbag system communi- 
cation bus to a normal configuration in the step 222. 
After short circuitng the communication bus, the con- 
troller of the selected node will configure the communi- 
cation circuit to receive a unique address whereas all of 
the other untriggered nodes 54 will ignore any address 
communication. The step 224 of FIQ. 10 then provides 
the unique address from the ECU communication unit 
59 to the one triggered node 54 in the system. This 
unique address is only accepted by the one trig- 
gered/selected node 54, and the unique address is 
stored in the selected node's respective non-volatile 
memory 70. 

[0064] In step 226, the selective node is removed from 
its initialization state and the peak and hold circuit 132 
of such selected node 54 is decoupled from the commu- 
nication bus and will participate in no more cun^ent ramp 
operations. The address programmed nodes will ignore 
any communication bus operations (i e., the ramp initial- 
ization operations and all other operations) until the 
ECU. 52 sends an "initialization done" data packet 
sequence to all nodes 54 on the communication bus. 
Note that if the address communication to tiie selected 
node 54 feiils due to CRC failure detected in the selected 
node's unit 60. then the selected node 54 can notify the 
ECU 52 of such event by shorting the communication 
bus. If the ECU 52 notices that the communication bus 
was shorted prematurely during address communica- 
tion or during early stages of the beginning of the next 
ramp process, then the ECU 52 knows that It must 
recommunicate the address to the last selected node 
54. Such handshaking will repeatedly occur until the 
address is correctiy programmed into tiie selected node 
54, or until the initialization operation times out and 
delivers an error message due to the inability of the sys- 
tem to program tiie nodes 54. In anotiier embodiment 
an acknowledgment may be sent from unit 60 once 
receipt is complete and proper, and if no acknowledg- 
ment is initiated by unit 60, then the information may be 
resent within the system. 

[0065] In a step 228. tiie ECU communication unit 59, 
which knows the topography of tiie system from step 
206. determines if any other nodes in the system 
remain unaddressed. If nodes remain unaddressed, the 
steps 208-228 are repeated until each and every node 
54 within the system is sequentially triggered and seri- 
ally provided witii a unique address from the ECU 52. 
Once the last node 54 within the system is provided with 
a unkiue address where all CRC values show no errors, 
the normal node of operation is entered via a step 230 
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of FIG. 1 0 whereby each node 54 is "awakened" from its 
"ignore initialization" state by a start data packet sent 
out by the ECU 52 along the communication bus. All the 
nodes 54 in the system of FIGs. 9-10 are now respon- 
sive to a unique address witiiin the system. 
[0066] Altiiough the invention has been described and 
illustrated with reference to specific embodiments, it is 
not intended that the invention be limited to those illus- 
trative embodiments. Those skilled in the art will recog- 
nize that modifications and variations may be made 
without departing from the spirit and scope of the inven- 
tion. Therefore, it is intended that this invention encom- 
passes all tiie variations and modifications as fall within 
the scope of the appended claims. 

Claims 



1. A method for initializing a distributed control sys- 
tem, tiie distributed control system having a control 

20 unit (52) and at least one node (54) cot43led to a 
common communication bus (55). the distributed 
control system having a predetermined topology 
(82), the metiiod characterized by the steps of: 

2S determining a distance from the corrtrol unit to 

each node (94-98). the distance representing a 
relative location of saki node in the predeter- 
mined topology; and 

assigning a specific address to said node 
30 based on the relative location of said node In 

the predetermined topology (100-124). 

2. A metiiod for initializing a distributed control sys- 
tem, tiie distributed control system having a control 

35 unit (52) and at least one node (54) coupled to a 
common bus (55). tiie dist-ibuted control system 
having a predetermined topology (82), the method 
characterized by the steps of: 

40 determining a distance (94-98) from the control 

unit to each node, the distance representing a 
relative location of said node in the predeter- 
mined topology, by: 

45 provkiing a reference current (96) on the 

communication bus to develop a distance 
voltage on the communication bus at said 
node as a function of the distance of said 
node along the bus; and 

50 determining (98) said distance as a func- 

tion of said distance voltage; and 

assigning a specific address to (100-124) said 
node tDased on the relative location of said 
55 node in the predetermined topology, by: 

con-elating the distance (1 16) of said node 
to a predetermined node function; 
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wherein the specific address is related to 
said node function. 

A method for initializing a distributed' control sys- 
tem, the distributed control system having a control 5 
unit (52) and at least one node (54) coupled to a 
common bus (55), the distributed control system 
having a predetermined topology (202). the method 
characterized by the steps of: 

10 

providing on the communication bus a refer- 
ence current (216) which increases with time to 
create a distance voltage at said node; 
monitoring the distance voltage (218) at said 
node; is 
when the distance voltage of said node 
reaches a trigger point (220). assigning an 
address (224) to said node relative to a time at 
which the distance voltage measured at said 
node reaches the trigger point. so 

A node (54). adapted for use with a control unit (52) 
in a distributed control system having a common 
bus (55). the node characterized by: 

25 

analog distance determination circuitry (64) 
adapted to be coupled to the bus to determine 
a location on the bus (55) of the node relative to 
the control unit; 

node control circuitry (62) coupled to the ana- 30 
log distance determination circuitry and 
adapted to communicate with the control unit 
(52) to provide said location to the control unit 
and to receive an address from the control unit. 

35 

A node (54), adapted for use with a control unit (52) 
in a distributed control system having a common 
bus (55), the node characterized by: 



24 



receive an address from the control unit 



6. A distributed control system (FIG. 4). characterized 
by: 

a first node (54); 

a second node (54); and 

a wire (58) electrically coupling the first node 

and the second node, the length of which is 

selected so that the resistivity of the wire 

between said first and second nodes exceeds 

a predetermined minimum resistivity. 

7. A method for finding relative locations of nodes (54) 
to each other in a distrbuted control system, the 
distributed control system having a control unit (52) 
and a communication bus (55) coupled to the 
nodes, the distributed control system having a pre- 
determined topology, the method characterized by 
the steps of: 

providing a signal to the nodes (96). the signal 
creating a measurement signal along a length 
of the communication bus where the measure- 
ment signal has a characteristic that is a func- 
tion of distance of the measurement signal 
from the control unit along the communication 
bus; and 

measuring the measurement signal (98) at 
each node to create distance indicators, 
wherein the each of the distance indicators 
identifies a specific location for a respective 
node. 

8. A controller (52) in a distributed control system hav- 
ing at least one control element, the controller 
adapted to communicate via a common bus. the 
controller characterized by; 



analog distance determination circuitry (135) 40 
adapted to be coupled to the bus (55) to deter- 
mine a location on the txis of the node relative 
to the control unit (52), characterized by: 

sample-and-hold circuitry (1 32) coupled to 45 
the bus and adapted to sample a reference 
voltage communicated across the bus and 
to hold said sampled voltage; arxi 
voltage comparison circuitry (130) coupled 
the bus and to the sample-and-hold dr- so 
cuitry and adapted to compare a distance 
voltage communicated on the bus to said 
sampled voltage; 

node control circuitry (1 30) coupled to the ana- S5 
log distance determination circuitry and 
adapted to communicate with the control unit to 
provide said location to the control unit and to 



a voltage developing circuit (136) coupled to 
the common bus (55) and adapted to develop a 
reference voltage on the common bus at the 
node, the voltage developing circuit adapted to 
develop incremental voltages on the common 
bus at the control element; and 
a communication circuit (59) coupled to the 
common bus, the comnnunication circuit 
adapted to receive identification information 
from the node via the common bus, the com- 
munication circuit adapted to assign an 
address to the control element via the common 
bus. 
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